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Abstract 
The paper introduces a cost effective method to develop zinc oxide nanoparticles using 
abundant non-toxic precursors and low energy process. In this paper, co-precipitation 
method with selected precursors was used for the first time to synthesize Zinc oxide 
nanoparticles without using any capping agent. The ZnO nanoparticles were characterized 
by X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM). By analyzing the results 
of XRD and SEM it was found that majority of ZnO nanoparticles pertain an average 
crystallite size of ~40 nm. These ZnO nanoparticles have potential commercial value in 
tailored product formulations to meet the specific demand of the consumer [1].  
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INTRODUCTION 
ZnO is a wide band gap semiconductor 
material with a broad range of applications 
including but not limited to 
optoelectronics, cosmetics and dye-
sensitized solar cells [2][3]. ZnO is quiet 
interesting because it is one of the few 
oxides that show quantum confinement 
effects in a range that is accessible by 
experimentalists. Quantum mechanical 
effects such as an increase in the band gap 
with reduction of size (Quantum 
Confinement Effect) are considered to 
have strong potential for future 
applications, especially in semiconductors. 
Zinc oxide is promising because of its 
wide band gap (3.37eV) and relatively 
large exciton binding energy (60 meV) at 
room temperature [4]–[8]. Various 
methods have been employed to prepare 
ZnO nanoparticles such as sol-gel 
synthesis [9], thermal transport methods 
[10], [11], Chemical and pulsed layer 
deposition methods [12], [13] but solution 
based chemical process hold advantage 
since particle size, shape and crystallinity 
can be controlled [14]–[16]. However, in 
the above methods, it is found that the 
nanoparticles tend to agglomerate due to 
their relatively large surface energy. It is 
also found that size and surface 
morphology of the particles greatly affect 
the reactivity and absorptivity in cosmetics 
and solar cell. The morphology can be 
controlled by optimizing the reaction 
conditions such as pH of the solution, 
concentration of the precursors, 
temperature and reaction time[17].  
 
There is a great demand for a novel 
method to produce ZnO nanoparticles 
economically using raw materials that are 
easily available and methods that are 
already adopted by industries. The co-
precipitation method provides a simplistic 
way for low cost and large scale 
production which doesn’t need expensive 
precursors and complicated machinery. 
The objective of this research work is to 
estimate the particle size of the ZnO 
particles produced and to assess the 
method for its adaptability towards large 
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scale production.  
 
EXPERIMENTAL TECHNIQUE 
Zinc Nitrate Hexahydrate 
(Zn(NO3)2.6H2O), Glycolic acid (C2H4O3), 
Nitric Acid (HNO3), Ammonia buffer and 
deionized water were used in this 
experiment. All the precursors used were 
of analytical grade from Merck. 500 ml 
beaker was cleaned with 69% HNO3. 30% 
v/v solution of Zn(NO3)2.6H2O and 
20%v/v solution of C2H4O3 were prepared 
separately in de-ionized water and then 
mixed thoroughly. The solution was then 
heated at 64 °C for 2 hours under constant 
supervision. The solution naturally cooled 
for 1 hour and then was titrated with 75 ml 
of 25% ammonia buffer solution in water. 
The suspension was aged for 1 hour. The 
precipitates formed were concentrated 
using Remi R-4C Compact Laboratory 
Centrifuge, filtered and rinsed with de-
ionized water for several times to make 
sure that the residual impurities were 
removed. 
   
Precipitates were then dried at 100 °C for 
one hour. The product was grinded and 
again heated at 100 °C for 30 minutes. 
Finally the product was annealed in muffle 
furnace at 300 °C for 3 hours, followed by 
600 °C for 90 minutes and was left to 
naturally cool overnight. Off-white colored 
nanopowder obtained was stored for 
further tests. 
 
The crystal structure and phase 
identification of the ZnO nanoparticles 
were investigated by X-ray diffraction 
(XRD, Philips X’Pert MPD) with CuKα 
radiation (λ = 1.540598 Ao). The range of 
the diffraction angle (2𝜃) was 10.038º - 
79.994º. The morphology and structure of 
the as-synthesized ZnO powders were 
examined using Scanning Electron 
Microscope. 
 
RESULT AND ANALYSIS 
XRD was performed with a step size of 
0.05°, total of 1401 data points were 
obtained using a monochromatized X-ray 
beam. The XRD pattern of the sample is 
shown in above figures. All the diffraction 
peaks could be well indexed as hexagonal 
phase of ZnO, the lattice parameters come 
out to be a = 3.25118 Å, c = 5.20747 Å   
which are consistent with the reported 
values by Joint Committee on Powder 
Diffraction Standards (JCPDS 80-0075, a 
= 3.253 Å, c = 5.209 Å). The obtained 
ZnO sample is of wurtzite structure 
(hexagonal phase, space group P63mc 
in Hermann–Mauguin notation or No. 186 
in International Union of Crystallography 
Classification). A total of 16 peaks were 
detected out of which 11 peaks were in 
range and all of the 11 peaks matched, 
moreover the most intense peak is 
observed at 2θ = 36.24° obtained along 
(101) orientation. The sharpness and 
strong intensity of ZnO diffraction peaks 
indicate that the synthesized ZnO sample 
is very well crystallized. The peaks 
obtained for ZnO nanoparticles were at 
2θ = 31.76°. 34.42°, 36.24°, 47.53°, 
56.57°, 62.84°, 66.35°,  67.93°, 69.06°, 
72.52° and 76.91° matches up with the 
lattice planes (100), (002), (101), (012), 
(110), (013), (200), (112), (201), (004) 
and (202) respectively. The ZnO 
crystallite size (D) was calculated from 
the highest intense peak (101) using the 
Debye–Scherrer equation: 
D = (kλ/βcosθ)       (A) 
where k is the proportionality constant 
(k = 0.94); λ is the X-ray wavelength 
coming from Cu-Kα; β is the full width at 
half maxima (FWHM) of the diffraction 
peak in radians; θ is the Braggs’ angle in 
degrees[18]. The crystallite size comes 
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out to be 41.33 nm. 
 
Fig. 1: XRD Analysis 
 
 
Fig 2. Intensity vs. 2θ Graph 
 
The possible mechanism of formation of 
ZnO could be explained in two-step 
process i.e. (i) nucleation of ZnO crystal, 
and (ii) growth of ZnO crystal. In this 
method, the process of the reaction can 
be described as follows:  
NH3 + H2O ↔ NH4
+
 + OH
- 
    (1) 
Zn2
+ 
+ 2OH
-
 → Zn(OH)2     (2) 
Zn
+2
 + 4OH
-
 → Zn(OH)4
2-   
  (3) 
Zn(OH)4
2-
 → ZnO + H2O + 2OH
-
   (4) 
Ammonia (NH3) disintegrates water to 
produce OH
-
 anions as describe in Eq. 
(1). In these experiments, because OH– is 
abundant in the mixed aqueous solution, 
freshly formed Zn(OH)2 precipitation 
(Eq. (2)) can be dissolved immediately 
by reacting with superfluous OH
-
 ions 
and a transparent Zn(OH)4
2-
 solution is 
obtained (Eq. (3)). The Zn(OH)2 is acting 
as a reservoir, maintaining the Zn
2+
 
concentration well where nucleation can 
occur. In this process, the Zn(OH)4
2- 
growth units combine with each other 
and dehydrate into ZnO nuclei 
simultaneously.
 
Then these ZnO nuclei 
self-assemble to form the spherical-like 
nanostructures along a preferred axis 
orientation. In
 
liquid medium, although 
the growth habit of ZnO crystal is mainly 
determined by its intrinsic structure, it is 
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also
 
affected by the external conditions 
such as reactant concentration, process 
temperature, pH value of solution, and
 
concentration of Zn(OH)4
2- 
ions. Increase 
in heating time at higher temperatures 
may provide enough energy for in
 
situ 
crystallization transformation from 
Zn(OH)2 to ZnO by dehydration and 
internal atomic rearrangements. After
 
dehydration, subsequent lattice 
contraction and rearrangement give rise 
to the hexagonal wurtzite structure of 
ZnO.
 
Further the pH value slowly lowers 
with increase of heating time. 
Morphology of the substance is shown by 
SEM analysis. 
The Scanning Electron Microscopy is a 
useful technique for the analysis of the 
surface morphology and estimates the 
particle size and shape present of the 
surface. The Fig. 3 & 4 shows SEM 
images of the as-synthesized ZnO 
powders at different position in the same 
sample. As seen, a range of particle sizes 
can be observed ranging from 43.5 nm to 
83.5 nm. Such a broad range can be 
attributed to the absence of capping agent 
during the synthesis.
 
 
 
Fig. 3: SEM image of ZnO nanoparticles at position 1 
 
 
Fig. 4: SEM image of ZnO nanoparticles at position 2 
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CONCLUSION 
In summary, the ZnO nanoparticles of the 
desired size were prepared with high 
degree of cystallinity from 
Zn(NO3)2.6H2O, C2H4O3 and Ammonia 
buffer as raw materials. XRD data 
demonstrated the synthesized nano-sized 
ZnO particles were a pure wurtzite 
structure. The average crystalline size of 
ZnO particles obtained from the XRD 
analysis was 41.33 nm whereas the particle 
sizes obtained from SEM analysis were in 
the range of 43-83 nm and the morphology 
of the nano-sized ZnO particles takes on 
pseudo-spherical shape. ZnO nanoparticles 
in the above mentioned range offer 
potential in future applications of electro-
magnetic devices. The further 
improvement in experimental condition for 
the nano-sized ZnO particles with smaller 
crystallite size, high yield, large specific 
surface area and less agglomeration 
synthesized by co-precipitation can be 
carried out by optimizing the precursor 
ratio and post annealing process. 
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